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Introduction
The establishment and spread of nonnative invasive species is one of the main global threats to biodiversity and a leading cause of animal extinctions (Vitousek et al. 1997, Clavero and . Biologists have long noticed that certain species colonize new territories due to human activities (Elton 1958) , and there is a considerable amount of knowledge about the impacts of these invaders on native biotas (e.g., Williamson 1996) ). Nevertheless, these analyses often fail to explicitly consider the spatial configuration of regions under analysis. This is especially important when dealing with strictly freshwater organisms, which are often dependent on human transport, not only to arrive at a certain region, but also to spread among different watersheds within that region. A simultaneous characterization of nonnative species' distribution patterns and human uses might be used to identify introduction routes and possible future invaders. Moreover, accounting for the spatial situation of different subregions (e.g., watersheds) in relation to donor areas would allow more reliable predictions of future invasions, providing information on invaders' identity, predicted place of arrival, and the possible subsequent expansion process.
We analyzed the temporal and spatial dynamics of invasion and biotic homogenization in freshwater fish communities using data from the Iberian Peninsula as a case study. The Iberian native freshwater fish fauna is greatly isolated from that of Central Europe, features a large proportion of endemic species (Doadrio 2001) , and is distributed throughout a complex network of drainages that can be grouped in independent regions (e.g., The second is to assess the effect of time scale on the perception of changes in community similarity, an aspect that has not yet been quantitatively investigated. The third objective is to illustrate that the spatial analysis of assemblages of introduced species permits the identification of introduction routes, and might help to predict and, it is hoped, prevent future invasions.
Methods

Data sources
We compiled information on freshwater fish distribution in the Iberian Peninsula (IP) from three different sources, covering a 10-year period (Doadrio et al. 1991 , Elvira 1995 , Doadrio 2001 ). Doadrio (2001) refers to sampling carried out until 2000, and a similar delay between data gathering and publication might be expected for the other sources, but for simplicity we refer to the publication date. For the three dates, we recorded the presence of fish species in each of the 10 Iberian hydrographic units (henceforth simply "basins") defined by Elvira (1995) (Fig. 1) From the Fishbase database (Froese and Pauly 2006) we recorded for each nonnative fish, the number of countries in which a species had been introduced (as a measure of the species' global invasion success), and, as variables related to the original geographic extent, the number of countries in which the species was native and the mean latitude and latitudinal range occupied. We also classified the different species as "piscivore," "game" (including species used as bait), and "aquarium" (excluding species reported to be used only in public aquariums). These categories were not mutually exclusive (in fact, all piscivores were also game species, though the contrary was not always true). These biological or human use categories are not direct indicators of introduction purposes or vectors (e.g., Marchetti et al. 2004a ). However, real introduction vectors are difficult to establish in the IP for different reasons. First, as stated previously, recent introductions occurring in Spain have been illegally performed. Second, some species (e.g., pumpkinseed sunfish, Lepomis gibbosus) were first introduced in Lake Banyoles (Catalonian basin) as early as the 1910s to "improve" wild stocks (Garcia-Berthou and Moreno-Amich 2000, Elvira and Almodovar 2001), and only in the last decades have expanded their ranges to other basins, often for unknown reasons. And third, since each new occurrence of a nonnative species in a certain basin implies an independent introduction event, multiple introduction purposes might be involved for a single species (which is especially hard to detect due to the illegal character of these introductions) (see Marchetti et al. 2006 ). We therefore used biological traits and general human uses as surrogates of introduction purposes (e.g., the fact that a nonnative species is classified as a piscivore or game fish is related to sport fishing purposes in its introduction and interbasin expansion).
To assess Changes in the relationship between distance between pairs of basins and their similarity were assessed through one-way ANCOVA, using "distance" as covariate and "period" as factor. Homogeneity-of-slopes ANCOVA design was used to test changes in the slope of the distance-similarity relationship, through the significance of the interaction term (Garcia-Berthou 2001). We also assessed the similarity changes between Iberian and French basins, comparing data from 2001 (including nonnatives) and the original fish distribution (i.e., with only natives). For these two periods we also analyzed the number of species shared by each Iberian basin and France (pooling data for the five French basins). The change in mean similarity between Iberian and French basins and the change in fish species shared between France and Iberian basins was analyzed using ANCO-VA with distance as the covariate.
Correspondence analysis (CA) was used to summarize information on nonnative species distribution in Iberian basins in 2001 (Table 1) 
Results
Invasion and homogenization dynamics
For a total of 60 nonmigratory freshwater fish species recorded in the IP, 23 (38.3%) were of foreign origin, while 10 others were Iberian species that had been translocated to basins where they were not native (Table  1 ). There was a highly significant relationship between the numbers of native and introduced foreign species present in the basins (r = 0.90, n = 10, P < 0.001), while no relationship was observed between the numbers of native and translocated species (r = -0.36, n = 10, P = 0.31). There was a strong negative relationship between the date of introduction of foreign species and the number of basins where they are present (Spearman's rs = -0.73, n = 23, P < 0.001). This relationship shows that once a species has been introduced to the IP it tends to expand its range through introductions to new basins.
The percentage of introduced species in Iberian basins was significantly influenced both by the "period" (F2,i8 = 18.8, P < 0.001) and "basin" (F9,i8 = 10.6, P < 0.001) factors. In the 10-year period running from 1991 to 2001, the mean percentage of introduced species increased from 41.8% (range 23.1-54.5%) to 52.5% (range 44.4-58.8%) (Fig. 2) . In 2001, 7 out of the 10 basins had more nonnative than native species and in three of them the percentage of nonnatives was >58%. The minimum percentage of introduced species recorded in 2001 was higher than the mean value observed in The addition of nonnative species in Iberian basins has led to a clear homogenization of fish faunas (Fig.  3A) . In the three periods analyzed, the Iberian basins had on average over 10% more species in common than in the original situation. However, this increase in faunal similarity was not gradual in time. In fact, the addition of 6 new species in 1995 resulted on average in a small reduction in similarity (i.e., differentiation) of Iberian fish faunas (Fig. 3C) (Fig. 4) . Characteristic species in southern basins included two American species (chameleon cichlid, Herichthys facetum and mummichog, Fundulus heteroclitus), and two translocated species widely distributed throughout the IP (brown trout, Salmo trutta and bermejuela nase, Chondrostoma arcasii). Northern basins were mainly characterized by the presence of several European species and large piscivores (e.g., European catfish, Silurus glanis and perch, Perca fluviatilis). Introduced species having more northern ranges also tended to have higher scores on the first CA axis (r = 0.3 1 , h = 3 1 , P = 0.08). The latitudinal gradient in introduced assemblages' composition was also related to the use of introduced species in sport fishing, since game species had significantly higher scores along the latitudinal gradient defined by the first CA axis (i.e., were characteristic of northern basins) (F\^\ =7.2, P = 0.01). This relationship between latitude and sport fishing was also shown by the significant correlation between the amount of money spent on fishing licenses in Spanish provinces and their mean latitude (r = 0.53, n = 44, P < 0.001). The second CA axis was mainly related to some introductions unique to the Douro River basin, including two salmonids and two translocated Iberian species (Fig. 4) .
Between the original pristine situation and that recorded by 2001 there was a mean increase of 11.5% in Jaccard's coefficient between Iberian and French basins, an increase which is similar to that observed among Iberian basins. The similarity between a particular Iberian basin and the French ones depended significantly on the distance to France, both in the original and 2001 faunas (Fig. 5 A) (Fig. 5C ), also highlighting an introduction route of fish species in the IP, from central Europe to northeastern Iberia. In fact, of the 16 introduced species for which first record location data were available, 1 1 were first cited in northeastern Iberian basins (Table 1) .
There was a highly significant association between the presence of a nonnative species in the IP and its presence also as nonnative in France (G = 26.9, df = 2, exact P < 0.001). Despite the fact that France had more native (33) than introduced (28) species, 12 of the 23 introduced species recorded in the IP in 2001, as well as 3 recent introductions (see Table 2 ), were also species introduced to France. All introduced species were first introduced in France and later in the IP, with the exception of ^^^^ul^o™ mosquitofish {Gambusia holbrooki), which was simultaneously introduced to both areas (Fig. 6) . Even without considering ancient introductions (i.e., pre-1800s, see Table 1 Regarding species introduced to the IP, France, or both areas, there was a significant overrepresentation of piscivore species among species present in both areas (G =11.0, df = 2, exact P = 0.007). Nonnative species shared by France and the IP had been also introduced in a higher number of countries (37.2 countries on average) than species found only in France or only in the IP (13.5 and 6.4 countries, respectively) (F2,52 = 1 1.8, P < 0.001). reported by Rahel (2000) for the continental United States (7.2%) and Taylor 
Introduction and expansion routes
The main source of variation of nonnative fish assemblages in the IP was a latitudinal gradient in species composition related to the proximity to France (donor region). This geographical structure shows that once an introduced species has become established in a certain basin, its expansion is not spatially haphazard but directed toward neighboring basins, resulting in a spatially clustered distribution of introduced fish species that allows the identification of routes for introduction and expansion. The analysis that included native species did not show these routes because historical biogeographical patterns dominated. On the other hand, introduced game species scored significantly toward the northern extreme of the latitudinal gradient defined by the CA, while piscivores were overrepresented among nonnative fish species present both in the IP and France. The same overrepresentation was not observed for game species. This was probably due to the fact that many small-and medium-sized cyprinids introduced in the IP, which have often been introduced as bait and forage fish (Table 2) , and the first two are widely introduced species worldwide. If these species are successful in establishing thriving populations, which is plausible due to their strong invasive character (Welcomme 1992) , it can be predicted that they will expand their ranges to neighboring basins in the future.
This study exemplifies the idea that potential fish invaders can be predicted by identifying introduction routes, and that these can be efficiently detected by a simultaneous characterization of nonnative species and their distribution patterns. Results also show that the expansion of newly introduced species follows spatially predictable pathways. This information should help to establish useful policy tools in order to impede new introductions and limit the expansion of already introduced species. Finally, our analytical approach might also be used in different geographic areas or with other taxonomic groups to predict invaders and introduction routes.
